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Anaplasma phagocytophilum is the causative agent of human granulocytic anaplasmosis, which is prevalent
throughout China. In this study, we describe a rapid, simple, and sensitive loop-mediated isothermal ampli-
fication (LAMP) assay targeting the msp2 gene of A. phagocytophilum that is ideal for application in rural areas
in China. This assay has the potential to detect A. phagocytophilum early in infection as an alternative to
existing methods. A total of 42 suspected cases of infection with A. phagocytophilum, 15 serologically confirmed
and 27 probable cases, were analyzed by the msp2 LAMP assay. To validate the accuracy of LAMP, previously
established nested-PCR and real-time PCR assays were utilized. The sensitivity of LAMP was 25 copies per
reaction (approximately 1,250 copies per ml blood) for A. phagocytophilum, and the assay did not detect false
positives among 27 members of the order Rickettsiales and 17 common clinical pathogens. To evaluate the
clinical applicability of the LAMP assay, a total of 42 clinical samples were examined. A positive LAMP result
was obtained for 12 of the confirmed cases and for 14 of 27 suspected cases, while only 1 confirmed case and
3 cases (2 confirmed cases and 1 suspected case) were detected by nested PCR and real-time PCR, respectively.
The LAMP assay described in this study demonstrated a high level of sensitivity comparable with that of nested
PCR and real-time PCR for the detection of A. phagocytophilum. This LAMP assay is a valuable method for
rapid, cost-effective, and simple detection of A. phagocytophilum in the rural areas of China.

Human granulocytic anaplasmosis (HGA) is an emerging
tick-borne disease caused by Anaplasma phagocytophilum,
which was reported in the United States in 1990 and in Europe
in 1997 (3, 6). Seroepidemiological data suggest that HGA
infection rates in the United States are as high as 15% to 36%
in some locations (7). An unusual case of nosocomial human-
to-human A. phagocytophilum transmission was reported in
2006 in a regional hospital in Anhui Province, China (19).
Subsequently, nationwide seroepidemiological surveys of A.
phagocytophilum among high-risk agricultural groups in China
demonstrated that the total seroprevalence rate of A. phago-
cytophilum was 13.94% (unpublished data). However, the
greatest challenge to clinicians is the lack of a rapid, early, and
accurate diagnostic method for the detection of anaplasmosis
as an emerging infectious disease in China. The indirect im-
munofluorescence assay (IFA), the gold standard method pro-
posed by the World Health Organization Collaborating Center
for Rickettsial Reference and Research, depends on a specific,
expensive fluorescence microscope and requires a pair of se-
rum samples from both the acute and convalescent stages of
the illness, which is not applicable as an early test for A.
phagocytophilum infection. The utility of insensitive conven-
tional PCR, time-consuming and easily contaminated nested
PCR, and highly sensitive real-time PCR is also limited in rural

areas because they require specific, expensive instruments. Be-
cause the incidence of A. phagocytophilum infection in China is
high in rural areas, rapid and simple diagnostic methods are
urgently needed.

Loop-mediated isothermal amplification (LAMP) is a novel
nucleic acid amplification method that was developed in 2000
(12). The LAMP technique is highly sensitive, specific, and
simple and can generate up to 109-fold amplification in less
than an hour under isothermal conditions (60 to 65°C), making
LAMP a potentially rapid and simple diagnostic tool for A.
phagocytophilum infection. In this study, we aimed to develop
a rapid, sensitive, and specific assay to detect A. phagocytophi-
lum in rural areas.

MATERIALS AND METHODS

Laboratory strains. A total of 44 strains were used to determine the specificity
of the LAMP assay. Members of the order Rickettsiales, including Rickettsia
prowazekii; Rickettsia typhi; Orientia tsutsugamushi types Karp, Kato, and Gilliam;
Rickettsia sibirica; Rickettsia conorii; Rickettsia marmionii; Rickettsia akari; Rick-
ettsia rickettsii; Rickettsia africa; Rickettsia parkeri; Rickettsia japonica; Rickettsia
slovaca; Rickettsia aeschlimannii; Rickettsia montanensis; Rickettsia helvetica;
Rickettsia felis; Rickettsia australis; Rickettsia canadensis; Rickettsia bellii; Rickett-
sia heilongjiangensis; Anaplasma phagocytophilum types Webster, MRK, Slovi-
enie, and MD; Ehrlichia chaffeensis; and the related species Bartonella henselae
and Bartonella quintana, were provided by the WHO Collaborating Center for
Rickettsial Reference and Research (Marseille, France) and maintained in our
laboratory. Genomic DNA was extracted from cultured cells using the QIAamp
DNA Mini Kit (Qiagen, Hilden, Germany). The genomic DNAs of other com-
mon clinical pathogenic bacteria, including Coxiella burnetii, Borrelia burgdorferi,
Escherichia coli, Vibrio cholerae, Bacillus anthracis, Haemophilus influenzae, Lis-
teria spp., Legionella spp., Yersinia pestis, Shigella dysenteriae, Neisseria meningit-
ides, Leptospira spp., Mycobacterium tuberculosis, and Klebsiella pneumoniae,
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were obtained from relevant departments of the China National Institute of
Communicable Disease Control and Prevention (ICDC). In addition, total blood
DNAs from healthy humans, cattle, horses, goats, and mice were extracted as
negative controls. DNA extracted from the above-mentioned bacterial strains
was first amplified by PCR using prokaryotic bacterial 16S rRNA universal
primers (15) before the specificity of the LAMP assay was tested in this study.

Clinical samples. We obtained 42 samples from probable cases of infection
with A. phagocytophilum from different hospitals (Beijing University First Hos-
pital, Laizhou First People’s Hospital, Beijing Friendship Hospital, and 302
Military Hospital of China) between 2007 and 2009. This study was approved by
the Human Research Ethics Committee of the China Center for Disease Control
and Prevention (China CDC). The cases were confirmed by the serological
diagnostic criteria of anaplasmosis (4-fold increase of IgG antibody titer), by
nested-PCR amplification of the 16S rRNA gene, or by real-time PCR amplifi-
cation of the msp2 gene of A. phagocytophilum, which excluded other febrile
illnesses in clinics (2, 17). Two milliliters of EDTA-anticoagulated blood and 2
ml of nonanticoagulated blood were collected during the acute phase of illness
for culture and for detecting IgM and IgG antibodies, respectively, and DNA was
extracted from the remaining clots for nested PCR (9), real-time PCR (18), and
the LAMP assay described in this study. A second serum sample was collected
from the convalescent stage (2 to 4 weeks after the acute phase) of the illness for
detecting IgG antibodies.

LAMP primer design. A set of universal primers targeted toward the expres-
sion site of the msp2 gene of the species A. phagocytophilum isolate EQ6 D22
(AY763471) were designed using PrimerExplorer V4 software (http:
//primerexplorer.jp) (Eiken Chemical Co. Ltd., Tokyo, Japan) based on con-
served sequences determined by aligning 82 of the msp2 gene sequences
obtained from GenBank: AY137510, AY164490 to AY164494, AY319262
to AY319265, AY642115, AY763468, AY763470 to AY763488, AY763490 to
AY763499, DQ097228, DQ097231, DQ105669 to DQ105673, DQ519565 to
DQ519570, EF143796 to EF143812, EU921902 to EU921906, FJ600592,
FJ600595, FJ600600, FJ600601, and FJ600611. The primers were synthesized by
Sangon Biotech (Shanghai, China). The primers were as follows: FIP(F1c-F2)
(5�-TTGTIIGACTCIAGCTTTACACTCTGGGAGAGTAACGGAGAGA-3�)
(43 nucleotides [nt]), BIP(B1c-B2) (5�-TGACTGGAACACICCTGATCCITIA
CCAACACTICCTTCC-3�) (40 nt), F3 (5�-CAGCGTTTAGCAAGATAAGAG
A-3�) (22 nt), B3 (5�-TCTCAAGCTCAACCCTGG-3�) (18 nt), LF (5�-CCTTT
AAGTATGGATATACTGCCTT-3�) (25 nt), and LB (5�-TTGGGTTTAAGG
ACAACATGCT-3�) (22 nt). The primer sequences and their positions in the
expression site of the msp2 gene are shown in Fig. 1.

Reference plasmid. To determine the sensitivity of the LAMP assay, a recom-
binant plasmid containing the target sequence of the A. phagocytophilum msp2
gene from the isolate EQ6 D22 (AY763471) was constructed as follows. A pair
of primers was designed to span the sequences between the F3 and B3 primers:
forward primer MP1 (5�-GAAGCGTAATGATGTCTA-3�) and reverse primer
MP2 (5�-AGTAACAACATCATAAGC-3�). The PCR products (452 bp) were
cloned into the pEASY-T1 vector using the pEASY-T1 Cloning Kit (Transgen,
China). The recombinant plasmid was quantified with a NanoPhotometer (Im-
plen, Germany) and was serially diluted (to concentrations of 55, 54, 53, 52, 51,
and 50 copies/�l) to evaluate the limit of detection and the reproducibility of the
msp2 LAMP assay.

LAMP reaction. All LAMP reactions were performed with the Loopamp Kit
(Eiken Chemical Co. Ltd., Tokyo, Japan) in a 25-�l mixture containing 1.6 �M
(each) FIP and BIP primers, 0.8 �M LF and LB primers, 0.2 �M F3 and B3
primers, 20 mM Tris-HCl (pH 8.8), 10 mM KCl, 8 mM MgSO4, 10 mM
(NH4)2SO4, 0.1% Tween 20, 0.8 M betaine, 1.4 mM (each) deoxynucleoside
triphosphates (dNTPs), and 1 �l Bst DNA polymerase (8 U/�l). The reaction
mixture was incubated in a real-time turbidimeter LA200 (Teramecs, Tokyo,

Japan) at 63°C for 60 min and then at 80°C for 5 min to terminate the reaction.
The positive and negative samples were distinguished by a turbidity cutoff value
of 0.1. After amplification, the LAMP products were detected by electrophoresis
on 2% agarose gels with ethidium bromide staining or were determined by visual
inspection after adding 1 �l of 1,000� SYBR green I.

Evaluation of the sensitivity, specificity, and reproducibility of the LAMP
assay. To compare the sensitivities of the msp2 LAMP assay and general PCR,
the serially diluted reference plasmid (at concentrations of 55, 54, 53, 52, 51, and
50 copies/�l) containing the target DNA was used to define the limit of detection.
A general PCR was performed with the primers MP1 and MP2. PCR amplifi-
cation was performed in a 25-�l volume containing 0.2 �M each primer, 0.4 mM
each dNTP, and 1 U of Taq DNA polymerase. The PCR was cycled 35 times
using a denaturation step of 94°C for 50 s followed by annealing at 50°C for 30 s
and extension at 72°C for 45 s. The PCR products were electrophoresed on a 1%
TBE agarose gel and stained with ethidium bromide (1 �g/ml).

Genomic DNAs from the 44 strains, including 27 members of the order
Rickettsiales and 17 common clinical pathogens, were detected by LAMP to
determine the specificity of the msp2 LAMP assay. All detection assays were
performed in triplicate.

Serially diluted reference plasmids were amplified in two ways (five times on
1 day and once on each of 5 days) to evaluate the reproducibility of the LAMP
assay. The intra-assay coefficient of variation (CVi) and interassay coefficient of
variation (CVo) were analyzed at the time of peak precipitation, as measured by
turbidity on a real-time turbidimeter. Statistical analysis was conducted using
SAS software version 9.1.

Clinical validation. A total of 42 clinical samples were also assessed by 16S
rRNA nested PCR (9) and msp2 real-time PCR (18), as described above, and 8
�l of extracted DNA was used as a template in a 25-�l reaction mixture. Positive
results from the three methods were counted to analyze the difference between
the LAMP assay and nested and real-time PCR using SPSS software.

RESULTS

Specificity of LAMP. To determine the specificity of the
LAMP assay for A. phagocytophilum, 27 members of the order
Rickettsiales were tested for amplification; R. prowazekii; R.
typhi; O. tsutsugamushi types Karp, Kato, and Gilliam; R. si-
birica; R. conorii; R. marmionii; R. akari; R. rickettsii; R. africa;
R. parkeri; R. japonica; R. slovaca; R. aeschlimannii; R. mon-
tanensis; R. helvetica; R. felis; R. australis; R. canadensis; R.
bellii; R. heilongjiangensis; E. chaffeensis; and A. phagocytophi-
lum types Webster, MRK, Slovienie, and MD. Only A. phago-
cytophilum tested positive, while the other species did not.
Moreover, other common pathogens, including C. burnetii, B.
henselae, B. quintana, B. burgdorferi, E. coli, V. cholerae, B.
anthracis, H. influenzae, Listeria, Legionella, Y. pestis, S. dysen-
teriae, N. meningitides, Leptospira, M. tuberculosis, and K. pneu-
moniae, also did not test positive by LAMP assay. This indi-
cates no false-positive amplification with these heterologous
species in the LAMP assay.

Sensitivity of LAMP. The limits of detection of LAMP and
PCR for the msp2 gene were 25 (approximately 1,250 copies
of A. phagocytophilum per ml blood) and 625 copies per

FIG. 1. Names and locations of target sequences used as primers for the expression site of msp2 LAMP.
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reaction, respectively. This indicates that the LAMP assay is
more sensitive than conventional PCR for detecting A.
phagocytophilum DNA.

Reproducibility of LAMP. The reproducibility of the mini-
mal detection level of the LAMP assay was 1.17% of CVi and
3.47% of CVo, respectively (Table 1).

Examination of clinical samples. A total of 42 samples were
assayed, and 15 samples were confirmed as indicative of A.
phagocytophilum infection in our laboratory: 2 samples by bac-
terial culture and 13 samples by measuring a 4-fold increase in
the IgG titer in acute- and convalescent-phase serum samples.
To evaluate the utility of the LAMP assay, we compared it to
nested-PCR and real-time PCR assays previously developed in
our laboratory (Table 2). Of these samples, 26 positive results
were obtained by LAMP assay, including 12 of 15 confirmed
cases and 14 of 27 suspected cases. This level of detection is
significantly higher than the one positive result obtained by
nested PCR (P � 0.001) and the three positive results obtained
by real-time PCR (P � 0.001).

DISCUSSION

HGA, caused by A. phagocytophilum, is a worldwide tick-
borne zoonosis that has been described in recent years (17).
The greatest challenge to clinicians is not therapy but the
difficult diagnostic dilemma in the early phase of infection. It
should be noted that rural areas are at the highest risk for A.
phagocytophilum infection in China. This phenomenon, com-
bined with the lack of a rapid and sensitive diagnostic method
for A. phagocytophilum, may cause delays in treatment or mis-
diagnoses that could lead to severe disease and fatal outcomes
(2). Conventional serodiagnosis and cultivation of bacteria in
cell culture are not useful techniques for clinical diagnosis
during the acute phase of A. phagocytophilum infection be-
cause they are relatively time-consuming. Modified PCR tech-
niques, such as nested PCR and real-time PCR, are compli-
cated and require a high-precision thermal cycler; therefore,
these methods are not practical for diagnosing A. phagocyto-
philum in rural areas. In contrast, LAMP has the advantages of
a rapid reaction, simple operation, and cost-effectiveness. The
LAMP assay does not require sophisticated and expensive
equipment; keeping a constant temperature of 60 to 65°C for 1
to 1.5 h is sufficient for the reaction (12). These features dem-
onstrate that the LAMP assay is suitable for the detection of A.
phagocytophilum in rural areas.

In this study, we developed a sensitive LAMP assay based on
a conserved region in the msp2 gene, and the limit of detection
for the assay was 25 copies per reaction. To evaluate the
LAMP assay in clinical diagnoses, we assayed 42 clinical sam-

ples and compared the results to those of nested PCR and
real-time PCR. Of the 42 samples, 26 tested positive by LAMP
assay, while only 1 and 3 samples tested positive by nested PCR
and real-time PCR, respectively. Some researchers have re-
ported that the Bst polymerase in LAMP is less sensitive to the
presence of inhibitors than is the Taq polymerase used in PCR
(8, 16, 13). Thus, although nested PCR (1, 9) and real-time
PCR (5, 18) have been reported to be more sensitive than the
LAMP assay for the detection of A. phagocytophilum, in this
study, the LAMP assay was shown to be more accurate and
more sensitive than PCR methods on clinical samples. How-
ever, it is remarkable that there were three positive results of
seroconversion that were not detected by the msp2 LAMP
assay. Thus, we suggest that A. phagocytophilum infection

TABLE 1. Summary of CVi and CVo of the time of peak
precipitation of serially diluted plasmids

Concn (copies/�l) CVi (%)a CVo (%)b

55 1.17 2.57
54 1.13 2.81
53 1.49 3.19
52 1.55 3.47

a Intra-assay coefficient of variation.
b Interassay coefficient of variation.

TABLE 2. Comparison of the LAMP assay with nested PCR and
real-time PCR for the detection of A. phagocytophilium

in clinical samplesa

Case no. Diagnostic type

Resultb

LAMP Nested
PCR

Real-time
PCR

1 4-fold IgG titer increase Neg. Neg. Neg.
2 Suspected case Pos. Neg. Neg.
3 Suspected case Neg. Neg. Neg.
4 Suspected case Pos. Neg. Neg.
5 Suspected case Pos. Neg. Neg.
6 Suspected case Neg. Neg. Neg.
7 4-fold IgG titer increase Pos. Neg. Neg.
8 Suspected case Neg. Neg. Neg.
9 Suspected case Neg. Neg. Neg.
10 Suspected case Neg. Neg. Neg.
11 Suspected case Pos. Neg. Neg.
12 4-fold IgG titer increase Neg. Neg. Neg.
13 Suspected case Neg. Neg. Pos.
14 Suspected case Neg. Neg. Neg.
15 Suspected case Pos. Neg. Neg.
16 Suspected case Neg. Neg. Neg.
17 4-fold IgG titer increase Pos. Pos. Neg.
18 Suspected case Neg. Neg. Neg.
19 Suspected case Neg. Neg. Neg.
20 4-fold IgG titer increase Neg. Neg. Pos.
21 4-fold IgG titer increase Pos. Neg. Neg.
22 Suspected case Pos. Neg. Neg.
23 Culture confirmed Pos. Neg. Pos.
24 Suspected case Pos. Neg. Neg.
25 Suspected case Neg. Neg. Neg.
26 Suspected case Pos. Neg. Neg.
27 Suspected case Pos. Neg. Neg.
28 4-fold IgG titer increase Pos. Neg. Neg.
29 4-fold IgG titer increase Pos. Neg. Neg.
30 Suspected case Pos. Neg. Neg.
31 Suspected case Pos. Neg. Neg.
32 Suspected case Pos. Neg. Neg.
33 4-fold IgG titer increase Pos. Neg. Neg.
34 Suspected case Neg. Neg. Neg.
35 Suspected case Neg. Neg. Neg.
36 4-fold IgG titer increase Pos. Neg. Neg.
37 4-fold IgG titer increase Pos. Neg. Neg.
38 Suspected case Pos. Neg. Neg.
39 Suspected case Pos. Neg. Neg.
40 Culture confirmed Pos. Neg. Neg.
41 4-fold IgG titer increase Pos. Neg. Neg.
42 4-fold IgG titer increase Pos. Neg. Neg.

a All runs were performed in triplicate.
b Pos., positive; Neg., negative.
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should be confirmed by more than one method, if possible, to
prevent misdiagnosis.

When evaluating the specificity of the msp2 LAMP assay, we
tested 27 members of the order Rickettsiales and other patho-
genic bacteria, and the results of this study showed that the
specificity of the LAMP assay is 100%. The high specificity of
LAMP methods has also been reported for other pathogens (4,
11, 13, 14, 16). Compared to conventional PCR techniques, 6
LAMP primers were designed to target 8 regions, while PCR
methods used primers targeting 2 to 4 regions. Studies on
other pathogens have also reported the high specificity of the
LAMP assay, in keeping with the results of our work. Although
confirmation of LAMP results by visual inspection is important
for applying the technique in low-technology settings and could
reduce amplicon carryover that may lead to false-positive re-
sults, it was shown to be less sensitive than agarose gel elec-
trophoresis in our study (data not shown) and in the results
obtained by Thekisoe et al. (16). In contrast, Mao et al. (10)
reported consistent results, as detected by electrophoresis and
the addition of SYBR green after amplification was completed;
however, opening the tubes to add the dye introduces a high
risk of contamination. This possibility should be considered for
reducing false-positive results during field testing.

Extracting DNA using a kit would increase the cost per test
and would require more time to complete the test. However, in
this study, we detected DNA only in samples extracted from
whole blood by the LAMP assay, which uses a kit and appears
to be more sensitive than heat-freeze procedures. However,
Paris et al. (14) detected O. tsutsugamushi, order Rickettsiales,
in DNA samples extracted using a kit and by freeze-heat pro-
cedures, obtaining, respectively, 7/7 and 5/7 positive results.
This finding suggests that more attention should be paid to
testing boiled samples by the LAMP assay for greater suitabil-
ity in rural areas.

In conclusion, we developed a rapid, simple, sensitive, and
cost-effective LAMP assay for detecting A. phagocytophilum in
clinical samples. Because the LAMP assay is fast and sensitive
for testing clinical samples without sophisticated equipment
and complicated operation, it could be a valuable alternative
method of A. phagocytophilum diagnosis in the field and in the
rural areas of China.
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